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Data Communications Link 

This invention relates to data communications links 
and particularly but not exclusively to short range (i.e., 
subkilometre) point-to-point links incorporating an optical 
communications channel . 

For short range data communications links along an 
optical communication channel signal attenuation is not 
normally a limiting factor. The limiting factor is 
normally bandwidth but this problem can be overcome by 
using a multiple optical power level data encoding scheme 
in which each transmitted symbol, according to its power 
level, signifies a sequence of data bits. Unfortunately 
such multiple power level schemes give rise to increased 
symbol error rates arising partly from variation of the 
overall power output level of the transmitter and partly 
from variation of the separation between individual power 
levels in the scheme. 

It is an object of the present invention to provide a 
new and improved form of data communications link. 

According to the present invention there is provided 
a data communications link comprising a data transmitter 
station coupled by an optical communications channel to a 
data receiver station, 

wherein the data transmitter station includes a multi- 
power-level optical source connected to receive. data words 
of n digital bits and arranged to encode the bits of each 
word into one of m optical power levels, the multi-power- 
level output signal of the optical source being transmitted 
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along the optical communications channel to the data 
receiver station, said data receiver station including a 
data-decoding receiver arranged to receive and decode said 
multi-power-level optical signal into n bit digital words, 

and wherein said receiver station further comprises a 
received- signal condition monitor coupled by a control 
channel to a control device located in the data transmitter 
station, said condition monitor being arranged to sense the 
level of a predetermined characteristic of the signal 
received by the data-decoding receiver and consequently to 
transmit a control signal along the control channel to the 
control device , 

said control device being adapted to control the power 
output of the optical source consistent with achieving a 
predetermined sensed level of said predetermined 
characteristic . 

The predetermined characteristic may be the DC level 

or the average optical power level of the signal received 
by the receiver, the sensed level being compared against a 
control or reference level to establish a difference and 
the arrangement is such that the control signal attempts to 
null that difference or at least to keep the difference 
within narrow predetermined limits. 

Alternatively the predetermined characteristic may be 
the individual bit content of a multibit test word 
transmitted at preselected times. In this case the 
condition monitor is preprogrammed with the bits of the 
test word against which the individual bits of the 
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transmitted test word are compared and in the event of a 
difference the control signal is arranged to increase or 
decrease the power output of the transmitter in order to 
reduce the error. 

The control channel may be any one of: 

a serial binary digital optical channel; 

a parallel binary digital optical channel; 

a serial binary digital electrical channel; 

a parallel binary digital electrical channel; 

a serial multilevel digital electrical channel; 

a parallel mutli level digital electrical channel; 

or an analogue electrical channel. 

The control channel may have the same bandwidth as 
that of the optical communications channel or it may have 
a lower bandwidth. 

The optical communications channel may be free space 
or it may be formed by an optical waveguide such as an 
optical fibre or it may form part of an integrated optical 
device . 

The optical source may be a laser or an LED and the 
drive current supplied to the optical source can be 
tailored to the characteristics of the source by 
individually adjusting the current drive levels such that 
each of the optical power levels is sufficiently separated 
from the levels above and " below it for the, receiver to 
quantise each level and maintain an adequate bit error 
rate, thus accommodating non linear source output power 
versus drive current characteristics. 
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An embodiment of the present invention will now 
be described by way of example with reference to the 
accompanying drawings, in which: 

Fig 1 schematically illustrates a data communications 

link in accordance with the present invention; 

Fig 2 illustrates a multi-level data encoding scheme 

for use in the Fig 1 link; 

Fig 3 illustrates an encoding transmitter circuit for 
use in the Fig 1 link; 

Fig 4 illustrates a decoding receiver circuit for use 
in the Fig 1 link; 

Fig 5 illustrates the Fig 1 link interconnecting a 
computer with a visual display unit; 

Fig 6 is a flow diagram of a calibration and control 
protocol used in the Fig 5 system; and 

Fig 7 illustrates operation of the link in the Fig 5 
system following a data disconnection. 

As is illustrated in Fig 1 a data communications link 
10 in accordance with the present invention comprises a 
data transmitter station 11 coupled by an optical 
communications channel 15 to a data receiver station 17. 
The transmitter station 11 includes a transmitter 12 having 
a multi-level optical source (as will be explained) 
connected to receive data words of n digital bits from a 
data source 20. Station 11 encodes the bits of each word 
into m optical power levels and transmits the optical 
signal along channel 15 to station 17. 

Receiver station 17 includes a data decoding receiver 
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19 which converts the received multipower level optical 
signal into n bit digital words and outputs these to a data 
consumer station 14. A received signal condition monitor 
21 forming part of station 17 is connected via a return or 
control channel 22 to a control device 13 forming part of 
station 11. Monitor 21 is arranged to sense the level of 
a predetermined characteristic of the signal received by 
the receiver 19 and consequently to transmit a control 
signal along the control channel 22 to the control device 
13 . 

The control device 13 is arranged to control the power 
output of the transmitter 12 so as to achieve a 
predetermined level of the sensed characteristic in the 
receiver station 17. 

The transmitter 12 is arranged to receive n bit 
digital words from the source 20, either in series or in 
parallel, and to convert these into one of m different 
optical power levels for outputting along channel 15. This 
effectively enlarges the bandwidth of channel 15. One 
example of this encoding process is illustrated in Fig 2 
for two bit digital words which are encoded into four power 
levels. Thus word '00' is encoded into power level P x ; word 
'01' is encoded into power level P 2 etc. There are, of 
course, numerous other encoding schemes but in general any 
sequence of n digital bits can be represented by m optical 
power levels where m = 2 n . 

The major problem inherent in multilevel encoding 
methods is that the minimum optical power required at the 
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receiver for a given symbol error rate increases with m and 
for example a four level scheme has a minimum optical power 
requirement of four times that of a dual level scheme with 
an equivalent symbol error rate if a fixed separation 
between each of the power levels is to be maintained. A 
reduced power level difference can be used but symbol error 
rate increases as separation between adjacent optical power 
levels P lf P 2 , etc., decreases. On the other hand excess 
optical power results in back reflections from the channel 
15 and these may be particularly significant in very short 
links. It is, therefore, desirable in short links to 

operate with controlled power consistent with minimising 
back reflections and also minimising symbol error rates. 

Fig 3 illustrates encoding of three bit digital words 
delivered by source 20 to a transmitter 12 incorporating a 
LED 12A as the optical source. The encoding circuit has 
three constant current sources which are connected in 
parallel with each other and in series with LED 12A and the 
current sources are switched in or out depending upon the 
binary level of the corresponding input data bit D lf D 2 , D 3 . 

Control device 13 is also illustrated schematically having 
an analogue current output driven by amplifier A2 which 
controls or modulates the three current sources in common. 

The control device 13 may be implemented, for example, by 
a microcontroller or an integrated circuit or by discreet 
electronic components which receive an input as previously 
explained from control channel 22 . 

Since the LED 12A has a Power/Current characteristic 
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as shown in Fig 2 a bias current source (TRIO) is connected 
in parallel with the LED 12A to deliver a bias current I aiAS 
to enable the drive current to be above the lasing current 
threshold at all times. The bias current I BIAS is variable 
and in particular is controlled by a further analogue 
current output from the control device 13 (driven by 
amplifier Al) to set the minimum optical power level. 
Control of the bias point in this manner not only reduces 
the switching time (from one power level to another) and 
the attendant heating effect in a semi-conductor laser 
diode but also compensates for the changing Power/Current 
characteristic due to temperature drift. 

Fig 4 illustrates a form of receiver 19 which is 
compatible with the Fig 3 transmitter 12 comprising an opto 
electronic detector 19A driving an analogue to digital 
converter 19B via a preamplifier. The output of converter 
19B supplies the data to the consumer station 14 . The 
converter 19B quantises the received signal amptitude into 
one of the predetermined power levels to thereby evaluate 
the encoded n-bit data word. The signal condition monitor 
21 may be connected to measure the amplitude of the output 
from the preamplifier to monitor the DC level of the signal 
received by the receiver or to monitor the average power 
level of the received signal. Alternatively the condition 
monitor 21 may be connected to the data output lines from 
the analogue to digital converter 19B when the monitored 
characteristic is the bit content of a transmitted test 
word . 
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By way of example the link 10 may interconnect a 
personal computer 30 with a visual display 32, using an 
optical fibre 34 for channel 15 as schematically 
illustrated in Fig 5. In such a circumstance the fibre 34 
would have a total length of a few hundred metres, for 
example 150 metres or less. The host computer system 

passes high bandwidth display data to the graphics adaptor 
card 31 where the data is encoded and serialised to 
generate a four bit wide high speed data bus which is 
transferred to the laser diode driver circuit. The four 
bits wide data is converted into sixteen unique light 
levels by the laser diode drive circuit and the optical 
signal is then transmitted via the fibre optic cable 34 to 
the display 32. The electrical to optical conversion is 
achieved by using the four input digital signals to control 
the drive currents of a set of four current mirrors in 
parallel with each other and in series with the laser diode 
in a circuit similar to that of Fig 3 . The current mirror 
ratios are fixed such that the most significant bit 
switches a current which is twice that of the next most 
significant bit which in turn switches a current which is 
twice that of the next most significant bit which in turn 
switches a current which is twice that of the least 
significant bit. At the display 32 the 16 level optical 
data is converted by a circuit similar to that of Fig 4 to 
restore the four bit wide binary data. This is then 
decoded at consumer station 14 to recover the display data 
which is passed to the output of display 32. 
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The control signal from the display 32 to the PC 
system 30 may be along the same optical fibre 34 by using 
a different carrier frequency or it may be along a separate 
fibre but at the graphics adaptor card 31 of the PC system 
30 the return signal is received and converted to a binary 
electrical signal which after comparison with a reference 
supplies the two currents to the diode laser, the first for 
bias at threshold (I B ias) and second for modulation 

current to the data bit switched current sources as 
previously explained. 

Additionally the control signal from the return path 
22 is used in the start-up procedure to calibrate the 
multi-level optical signal by tailoring the various drive 
currents. In particular a two part start-up auto- 

calibration algorithm is performed using calibration frames 
during display blanking periods and/or breaks in the 
transmitted data streams. The calibration and control 

protocols are illustrated in the flow diagrams of Fig 6A 
and Fig SB . The algorithm of the Fig 6A protocol is used 
to set I BIAS in Fig 3 so that the lasing threshold is 
achieved and is implemented in sub-unit 13A of control 
device 13 . The algorithm of the Fig 6B protocol is used 
to set the modulation level for the bit matched current 
sources to a suitable maximum and is implemented in sub- 
unit 13B of control device 13. In each case the return 
channel 22 transmits the detected value at the receiver 19 
which the control device 13 compares with a present value 
in order to provide the required control output signal. 
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The auto-calibration protocols are repeated throughout use 
of the link and allow the drive circuits for the optical 
source to be controlled such that the separation of optical 
power between adjacent levels is sufficient to ensure a low 
bit error rate. This allows for compensation of varying 
losses in the link, for varying source efficiency such as 
due to temperature drift, and for general reduction in 
source output power due to lifing effects. 

The transmitter 12 and receiver 19 may be DC coupled 
since there is no requirement for DC balancing in the 
quantisation stage within the receiver 19. This arises by 
virtue of the optical output of the source being 
automatically calibrated to meet the required optical power 
level at the receiver due to the auto-calibration protocol. 
DC offset and DC drift in the receiver are separately 
corrected by any one of a number of known methods. 

The multi-level link conveniently operates in a binary 
digital mode during the initial calibration steps by 
modulating the laser with the most significant bit of the 
data only and then monitoring the most significant bit at 
the receiver. A progression to multiple levels then 
follows as each level of the link is established. The 
required bias current is determined first by the 
calibration routine of Fig 6A but once this is set the 
optical power for the maximum level is fixed via the Fig 6B 
protocol to provide the desired maximum power at the 
receiver which is consistent with low power dissipation at 
the source and low back reflections from the link. 
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Subsequent power levels are then set proportionally within 
the determined range or individually in the event that the 
optical source has a non-linear power V current character- 
istic. 

The return channel 22 also enables operation of an 
interlock function in that the optical source may be wholly 
or partially disabled when there is an absence of feedback 
from the receiver despite the optical source being at 
maximum output. Subsequent attempts to re-establish 

communications at fixed time intervals is possible without 
significant increase in exposure of the user to laser 
output by means of pulse limiting using the scheme 
schematically illustrated in Fig 7. This is possible 
because there is no requirement to DC balance the code. 

By way of a further example of use of the link 10 it 
may be implemented to interconnect printed circuit boards 
within a computer system as schematically illustrated in 
Fig 8. In Fig 8 the source 12A is embedded in a first 
printed circuit board 40 whilst the opto-electronic 
detector 19A is embedded in a second printed circuit board 
41. The boards 40, 41 are generally adjacent and mutually 
parallel being each mounted on a common mother-board 42. 
The optical channel 15 is formed by a free space 
transmission between the boards 40, 41 whereas the return 
channel 22 is backplane supported and is an electrical 
signal, either analogue or digital. 
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During retry protocol, link operates in a binary mode 
until reply is received and multi-level communication 
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